The objective of this work was to estimate heritability of each of 5 subjectively measured aspects of temperament of cattle and the genetic correlations of pairs of those traits. From 2003 to 2013, Nellore-Angus F 2 and F 3 calves (n = 1,816) were evaluated for aspects of temperament at an average 259 d of age, which was approximately 2 mo after weaning. Calves were separated from a group and subjectively scored from 1 (calm, good temperament) to 9 (wild, poor temperament) for aggressiveness (willingness to hit an evaluator), nervousness, flightiness, gregariousness (willingness to separate from the group), and a distinct overall score by 4 evaluators. Data were analyzed using threshold and linear models with additive genetic random effects. Twotrait animal models (nonthreshold) included the additive genetic covariance for pairs of traits and were used to estimate additive genetic correlations. Contemporary groups (n = 104) represented calves penned together for evaluation on given evaluation days. Heifers had greater (worse) means for all traits than steers (P < 0.05). The regression of score on age in days was included in final models for flightiness (P = 0.05; -0.006 ± 0.003) and gregariousness (P = 0.025; -0.007 ± 0.003). Estimates of heritability were large (0.51, 0.4, 0.45, 0.49, and 0.47 for aggressiveness, nervousness, flightiness, gregariousness, and overall temperament, respectively; SE = 0.07 for each). The ability to use this methodology to distinctly separate different aspects of calf temperament appeared to be limited, as estimates of additive genetic correlations were near unity for all pairs of traits; estimates of phenotypic correlation ranged from 0.88 ± 0.01 to 0.99 ± 0.002 for pairs of traits. Distinct subsequent analyses indicated a significant negative relationship of 4 of the various temperament scores with weight at weaning (regression coefficients ranged from -0.008 ± 0.002 for nervousness, flightiness, and gregariousness to -0.003 ± 0.002 for aggressiveness). In subsequent analyses, the regression of temperament trait on sequence of evaluation within a pen was highly significant and solutions ranged from 0.05 ± 0.007 for aggressiveness to 0.08 ± 0.007 for all other traits. The apparent large additive genetic variance for any one of these traits may be useful in identification of genes responsible for differences in cattle temperament.
INTRODUCTION
Negative events associated with cattle behavior can have lasting effects on the health of cattle and their caretakers; this suffices as reason for investigation into the improvement of cattle temperament. Extreme temperaments appear to be associated with large variation in some production traits (e.g., Cafe et al., 2011) . Because many Zebu breeds have the reputation for unfavorable temperament extremes (Cartwright, 1980) , their use is sometimes avoided, resulting in failure to capitalize on their superior adaptability to warm climate conditions and the large heterosis with Bos taurus for important traits. Adamczyk et al. (2013) provided a discussion of different methodologies for evaluation of temperament. Common evaluation of cattle temperament has included subjective evaluations of movement within working confinement chutes or larger pens (Grandin, 1993; Hammond et al., 1996) and also objective measures such as exit velocity when released from confinement (Burrow et al., 1988) . Efforts to distinguish aspects of cattle temperament have been initi-ated (Sant'Anna and Paranhos da Costa, 2013; Turner et al., 2013) . Behaviors interpreted as temperament may be fear response, especially with regards to human interaction (Forkman et al., 2007; Adamczyk et al., 2013 ). An active attempt to subjectively evaluate distinct representations of temperament, particularly aggression to humans, nervousness, flightiness, and the willingness to separate from a group of animals was begun with weaned half-blood Nellore-Angus calves in 2003. The objective of the work represented herein was to estimate heritability of each of 5 subjectively measured traits and the genetic correlations of pairs of those traits.
MATERIALS AND METHODS

Animals
All procedures involving animals were approved by the Texas A&M University Institutional Animal Care and Use Committee. The animals with records in this project were produced with designed matings of Nellore and Angus because of their distinct origins, large differences in phenotypes in many production aspects, and expected genomic differences. Five F 1 Nellore-Angus bulls were mated to 14 F 1 cows using artificial insemination; these were all Nellore-sired parents. Embryos produced from these matings were flushed from these cows and transferred into crossbred Bos indicus (Brahman or Nellore)-Bos taurus (Angus or Hereford) cows (these included both F 1 and F 2 recipient cows). These calves (n = 444) were born in spring (which ranged from January 20 to April 30 depending on the year) and fall (which ranged from July 27 to November 30 depending on the year) calving seasons from 2003 through spring of 2007. Four of those 5 (1 bull had only 2 project calves) F 1 bulls were additionally used in natural matings with crossbred Bos indicus-Bos taurus cows; these calves (n = 262) were all spring-born from 2003 to 2007.
Females produced from the embryo-transfer matings described above were exposed to calving-ease Angus bulls as yearlings for their first calves. As 2-yrolds and thereafter, starting in 2008, they were exposed to F 2 bulls produced from the embryo-transfer procedure described above from approximately May 20 through July 20 annually. These matings were controlled such that daughters of 2 of the 4 original F 1 bulls were only exposed to sons of the other 2 original F 1 bulls. Those F 3 calves (n = 641 with records in these data) were spring-born from 2009 through 2013. A distinct group of F 2 calves (n = 469) were spring-born from 2008 through 2013. These were produced by mating of Angus-and Nellore-sired F 1 bulls to Angus-and Nellore-sired F 1 cows. These reciprocal F 2 calves were related to the original F 2 animals produced by embryo transfer described above through common Nellore and Angus purebred ancestors. Most males were castrated at approximately 3 mo of age each year. Calves were weaned at an average of approximately 7 mo of age. After weaning, they were penned together in dry lots or pastures until evaluation.
Traits Evaluated
Approximately 2 mo after weaning (average age of 258.8 d), calf temperament was assessed. Calves were assigned subjective values from 1 to 9 for 5 indicators of temperament by 4 evaluators. Aggressiveness was the willingness of the animal to hit an evaluator; for example, values of 1 indicated avoidance of contact and values of 9 indicated deliberate pursuit or contact or both. Nervousness was scored such that values of 1 indicated calm, relaxed animals and values of 9 indicated excessive nervous behavior including movement, trembling, vocalization, and other activities (urination, etc.) . Flightiness was related to locomotive activity: values of 1 again indicated calm, relaxed animals with minimal traveling in the evaluation area and values of 9 represented extreme running, jumping, or climbing behavior. Values of 1 for gregariousness indicated animals that either willingly separated from the others in their pen or exhibited behavior demonstrating comfort with isolation from other cattle. Values of 9 for this trait represented excessive unwillingness to leave the group or focused, extreme attention on the group or on efforts to return to the group. Overall temperament was not a mathematical function of other traits but was assigned as a subjective overall evaluation of animal temperament (Table 1) , in which values of 1 indicated calm, desirable attributes and values of 9 indicated extremely unfavorable temperament. Animals were individually separated from their adjacently penned group (trapezoid shaped with lengths of the parallel sides 11.9 m and 10.7 m and width 7 m) for evaluation in a 24.1 by 2.9 m alleyway with pipe rail fences (Fig. 1) . Assignment to the holding pen groups before evaluation was random; however, all pens had multiple sires represented in the calves. During evaluation 2 evaluators were positioned approximately 3.4 m from the ends of the alleyway; each animal was observed for approximately 1 min, after which the calf was released to an exit alley (19.5 by 3.4 m) at the opposite end of the entrance. In early project years, pairs of animals were separated from the pen into the evaluation alleyway, and subsequently one was removed. In later project years, animals were separated singly for evaluation. From 2003 to 2006, heifers and steers were evaluated in a single day; this was done separately for spring-and fall-born calves. From 2007 through 2013, steers and heifers were evaluated on 2 different days in November or December due to larger group sizes. Bulls (n = 57) were combined with other groups. Sequence of evaluation within each penned group (ranging from 9 to 24 animals; however, the initial group had 56) was recorded. Two evaluators were constant across all records, and all others participated in multiple years of evaluations. Scores of the 4 evaluators were averaged for each trait and became the dependent variables for analyses.
Statistical Analyses
Models for each trait were built with preliminary evaluations of main and interaction effects, including year, season of birth, day of record, sex (bulls, steers, and heifers), breed type (F 2 [those produced by embryo transfer and those produced by natural matings, which consisted of all combinations of matings of Angus-and Nelloresired F 1 bulls and cows], half siblings that were contemporary to F 2 produced by embryo transfer, or F 3 ), pen from which evaluation was conducted, and age in days at time of evaluation. Additional analyses were conducted to evaluate 3 additional covariates: sequence evaluated within pen, weight at weaning, and, for the subset of embryo transfer F 2 calves born from 2002 through 2007 (n = 431 excluding bulls), the temperament of the recipient dam. Temperament of the recipient dam was originally designed as a 5-category score (1 to 5) assessed at calf birth where higher scores indicated worse temperament of any kind. The herdsman that assigned these scores used half scores between the 5 categories from the beginning, effectively making this a 9-category subjective score (1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5).
Data were analyzed with a multiple threshold model. Proportions in ordered categories of the temperament scores were used to calculate cumulative proportions, which were modeled with a probit link function. The residual variance in these analyses on the underlying scale was fixed at 1, making the residuals ~N(0, 1). The dependent variables were analyzed as multinomially-distributed categorical responses for analysis. Dependent variables were also analyzed as if normally-distributed (although they were not; P < 0.001) in linear models. Analyses were conducted as single-and 2-trait analyses using animal models with ASReml 3.0 (Gilmour et al., 2009 ). The numerator relationship matrix was constructed using pedigree information that included 2,419 individuals; 35 sires were represented with progeny that had records in these data. Random effects investigated in single-trait models included additive direct genetic, additive maternal genetic, the additive direct-maternal covariance, and maternal permanent environmental components (this effect was modeled with the surrogate dam, that is, the recipient cow, for embryo transfer calves). Two-trait analyses were conducted (linear models only, assuming traits were distributed normally) for pairs of traits using results from single-trait analyses. Estimates of heritability and genetic correlation were obtained using the estimated variances and covariances.
RESULTS
Log-likelihood values for the threshold model equations for analysis of gregariousness score never converged from any start value. All reported probability values that follow are from the linear models assuming normality; however, the probability values of F statistics for fixed effects were almost identical for the 2 sets of analyses. The most efficient construction of the fixed effect portion of models for all traits included contemporary groups (n = 104; range from 9 to 56 calves) as combinations of calves evaluated in the same pen on a given evaluation day (P < 0.001). Contemporary groups from 2003 to 2007 had only F 2 calves produced by embryo transfer and their paternal half siblings; contemporary groups in 2008 through 2013 had F 2 and F 3 calves produced by natural matings. No parameterization of breed type or age of dam explained significant variation in these traits (P > 0.3) nor did any interaction effect (P > 0.37). Cumulative proportions (from threshold analyses) of bulls were larger for lower (better P < 0.05) temperament scores ( Fig. 2 and 3) , generally followed by steers and then heifers. Particularly heifers had lower cumulative proportions through aggressiveness score 5 and nervousness score 6. Cumulative proportions of the different sexes were close to equal for temperament score 7 and higher. From linear models, sex of calf (P < 0.044 all traits) means exhibited a similar pattern for all traits ( Table 2 ), in that heifers had significantly greater (worse) mean scores than either steers or bulls. Bulls had the numerically lowest mean temperament scores, although bulls only differed from steers for nervousness (P = 0.05). The regression of score on age in days was significant for flightiness (P = 0.05; -0.006 ± 0.003) and gregariousness (P = 0.025; -0.007 ± 0.003). Age as a covariate approached significance (0.12 < P < 0.14) for nervousness and overall temperament, with coefficients similar in magnitude as those for flightiness and gregariousness; however, age in days was not related to aggressiveness scores (P = 0.86). Estimates for random components other than additive genetic effects were 0.
Estimates of heritability (Table 3) were large, ranging from 0.4 for nervousness score to 0.51 for aggressiveness score for linear models and from 0.47 to 0.55 for the threshold models. Estimates of genetic correlation (Table 4) for all pairs of traits (linear models only) ranged from 0.96 ± 0.015 to 0.99 ± 0.01. Phenotypic correlations were large as well and ranged from 0.88 ± 0.007 (aggressiveness-gregariousness) to 0.99 ± 0.001 (flightiness-overall score). Pearson's correlation coefficients of unadjusted scores for all pairs of traits were highly significant and ranged from 0.87 to 0.98.
Subsequently, 3 covariates were evaluated (distinctly, that is, not simultaneously) in linear models using the final single-trait models for each trait. Inclusion of wean- ing weight was influential on each trait (P < 0.05); solutions ranged from -0.008 ± 0.002 (nervousness, flightiness, and gregariousness) to -0.003 ± 0.002 (aggressiveness). Regression on sequence of evaluation, that is, the order in integers of evaluation within a pen, was highly significant for all traits with a range of solutions from 0.05 ± 0.007 (aggressiveness) to 0.08 ± 0.007 (all other traits). The solution for the regression on recipient dam temperament score at parturition was 0.18 ± 0.09 (P = 0.06) for aggressiveness; this covariate did not approach significance (P > 0.19) for any of the other traits. This covariate evaluated within sex also approached significance (P = 0.1); the solution for steers was small (0.11 ± 0.11), but that for heifers was 0.28 ± 0.14.
DISCUSSION
Females had worse scores than their male contemporaries in much of the reported temperament work (Shrode and Hammack, 1971; Stricklin et al., 1980; Voisinet et al., 1997; Gauly et al., 2001 ). Voisinet et al. (1997) proposed that gender temperament differences might be more pronounced in some breeds than others. Genuine differences may be larger in breeds or crosses with worse temperaments relative to those with favorable dispositions; that is, if temperament is favorable, it may be difficult to detect gender differences.
Estimates of heritability for the uniquely assessed temperament traits in this study were more than twice the magnitude of most estimates reported by other researchers for temperament measured in various ways (reviewed by Adamczyk et al., 2013) , although higher and therefore more comparable values have been reported (e.g., Hoppe et al., 2010) .
The primary objective measurements of temperament are those related to flight speed (Prayaga et al., 2009; Sant'Anna et al., 2012) , which was a concept developed by Burrow et al. (1988) . However, Müller and von Keyserlingk (2006) suggested that classification of an animal's temperament based solely on flight speed is weak and that other traits should be considered. Other temperament traits evaluated have included subjective quantification of movement within a confined space (working chute; Grandin, 1993) or subjective assessment of calf (solitary) response to human approach in a larger space (for example, a 6 by 6 m pen; Hammond et al., 1996; Arthington et al., 2008) ; these evaluations have typically been scored on 1 to 5 (or 6) scales. Similar versions of those methods were used by Sant'Anna and Paranhos da Costa (2013). Others have combined those methodologies for evaluation as ratios or indices King et al., 2006 ; Sant'Anna and Paranhos da Costa, 2013). Benhajali et al. (2010) evaluated a similar (but objective) assessment of aggressiveness as the present study by counting the number of rush movements within a 10 sec interval that a calf made while it faced a human when confined in a working chute. Bos taurus cattle were led individually (it is not known with certainty but they were assumed not halter broken) into a pen and an evaluator entered the pen and remained for 30 sec and the response was evaluated using subjective scores from 1 to 6 (Turner et al., 2011 (Turner et al., , 2013 . Aggressiveness toward other cattle was evaluated in beef (Turner et al., 2013) and dairy cows (Kramer et al., 2013) ; the latter group reported a low (0.12) estimate of heritability for that binomially-distributed trait from field data. Aggressiveness to peers must be considered a completely distinct character from aggressive behavior to people, which may be more influenced by the relationship of predator to prey. Because of the distinct methodology of the present study, it is probably incorrect to group the temperament traits of this study with many other studied temperament traits.
Although not possible to evaluate in the present study, there have been reports of variable levels of heterosis for temperament traits in cattle, including instances of undesirable heterosis where crossbred cattle had worse temperament scores than contemporary purebred averages (Bonsma, 1975a,b , as cited by Grandin and Deesing, 2005) . Kabuga and Appiah (1992) reported N'DamaHolstein crossbreds to have greater flight distance (3.4 m) as compared to the purebred N'Dama (2.3 m) and purebred Holstein (2.5 m); the N'Dama-Holstein crosses also had higher temperament scores (2.86 on 5-point scale with 1 = docile and 5 = wild) than N'Dama (2.18) and Holstein (2.60). Morris et al. (1994) observed higher ranked temperament scores in Angus-Hereford F 1 cows as compared to the Angus-Hereford midparent value for temperament at calving but not at other times (F 1 cows ranked below midparent values). Riley et al. (2010) evaluated Angus, Romosinuano, and Brahman purebred and F 1 cattle and reported unfavorable heterosis in both Brahman-Romosinuano (21%) and Brahman-Angus cross yearling heifers (10%). Unfavorable heterosis (from 2 to 8% higher than purebred averages) was detected for chute score and pen score in Romosinuano-Angus and Brahman-Angus calves at weaning; however, favorable heterosis (-4%) was detected for pen score in BrahmanRomosinuano calves at that time (unpublished results). It may be that the heterosis detected in work with Bos indicus-Bos taurus crosses is a consequence of the evaluation scale. As we subjectively measure temperament, Bos indicus cattle and their crosses (those that have not been handled to make them gentle) are so much worse than Bos taurus cattle that the adjusted Bos taurus means are pushed toward the better scores on the scale and those for the Bos indicus and their crosses are pushed up toward the worse scores. Actual subjective scores given to Bos indicus animals may be influenced by reputation or prior expectation of poor temperament.
The strong correspondence of pairs of these 5 assessments of calf temperament (on all levels: raw, phenotypic, and genetic), while not entirely unexpected, was notable. Some "halo" effect (good values of one subjectivelymeasured character being associated with good values of another, e.g., tenderness and juiciness of cooked steak samples; Shorthose and Harris, 1991) may have been influential, especially if thought of in the opposite direction, that is, negative values for one characteristic that result in negative values for another character. There are calf actions that can be interpreted as evidence for more than one of these traits. Care was taken to distinguish to the best of evaluator ability; for example, calves that hit an evaluator may have done so accidentally, which would be considered evidence of higher flightiness rating, or deliberately, which of course would be associated with aggression. It should be noted that strong correspondence (including genetic correlations) of different measures of temperament is not unusual (Benhajali et al., 2010; Sant'Anna and Paranhos da Costa, 2013; Vetters et al., 2013) .
Assignment of scores in this work was solely based on observed behavior. Evaluators became very intuitive and often noted the unexpressed potential for extreme behavior by individual calves. It has been our anecdotal observance of a definite tendency of Bos indicus animals for inhibition of movement when stressed; this was perhaps first mentioned in literature by Sant'Anna and Paranhos da Costa (2013) . When confined in a scale/observation chute, this is sometimes colloquially referred to as "sulling." In these cases, scores were assigned based only on observed activity rather than intuitive perceptions-it seems certain that higher values could easily have been assigned with minor consequential occurrences; the shortterm environmental effects must be large for these traits.
Rather than use a "good vs. bad" evaluation, the 9-category evaluation of each trait was used as an attempt to better capture trait variation. This system offers a more finely delineated grid of prospective values for evaluators to select from to best describe observed behavior. Our individual experiences with other subjectively-assigned traits with 5 or fewer categories were similar: evaluators almost always add intermediate values to accommodate their assessment of some animals. Although the scores were not distributed normally, it seemed reasonable to consider the 9-category traits as "closer" to normally-distributed than a binomially-distributed good-bad assessment.
The relationships of these temperament scores with body weight, order of evaluation, and nursing mother's temperament were of interest. Results supported the notion that order of evaluation was indicative of temperament. In all cases the effect of increasing order was to substantially increase average score of each trait. It may be easiest to envision in relation to the gregariousness score, as those animals avoiding separation from the pen would be evaluated later in the sequence. No associations of order of processing with exit velocity or subjective scores related to movement within the observation chute were detected in monthly phenotypes of heifers from 8 through 18 mo of age (Riley et al., 2010) nor in subjective evaluations of weaned calves of the same breed types (unpublished data). Increases in weight (weaning weight from approximately 2 mo earlier; weights were not recorded at the time of temperament scoring) were associated with reductions in all temperament scores. This is consistent with regressions of exit velocity or subjective chute scores in heifers after weaning (Elzo et al., 2009; Riley et al., 2010) ; however, in young calves there may be a positive regression on weight until a certain age, after which increases in weight are again associated with decreases in exit velocity and other evaluations of temperament (Schmidt et al., 2014) .
Neural development of mammal neonates appears to be profoundly influenced by maternal care during early life (Caldji et al., 2000) . Liu et al. (1997) reported that offspring of rat dams that exhibited relatively more licking behavior had differential hormonal response to stress as adults. That group later reported that epigenetic expression of glucocorticoid receptor in offspring was altered by that maternal behavior (Weaver et al., 2007) . In cattle, there may be maternal nongenetic influence on the temperament of her offspring (Schmutz et al., 2001) , although the early life environment of rats probably has less stimuli and may therefore be more strongly controlled maternally. A subset of records in the present study (embryo-transfer calves; n = 431, excluding bulls) offered the opportunity to assess such influence. There may be such a positive (numerical) relationship of surrogate mother's temperament score and calf aggressiveness score at weaning, and perhaps more observable in heifers, but this was not strongly statistically supported.
The evaluation methodology used in this study requires substantial time and effort; it may be impractical to consider collection of such data for estimation of genetic merit of calves, in spite of the very large estimates of heritability. Other methods may represent better opportunity for differentiation of aspects of cattle temperament (e.g., Sant'Anna and Paranhos da Costa, 2013) . This confirmation of the large additive genetic variance for these traits likely will facilitate identification of genomic regions associated with phenotypic variation.
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